Introduction {#sec1}
============

Since the beginning of the coronavirus disease 2019 (COVID-19) epidemic, hospital-associated transmission has been recognized as an important route of spread \[[@bib1],[@bib2]\]. According to preliminary data from China, healthcare workers (HCWs) facing COVID-19 represent a high-risk category \[[@bib1],[@bib3]\]. This was also confirmed in early reports from Italy, where HCWs have represented 9% of total cases \[[@bib4]\].

Few data are available about the number of asymptomatic patients and their role in disease transmission. Recent data suggest that transmission of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) occurs before the onset of symptoms \[[@bib5]\]. These data are even more important in HCWs, where knowledge about transmission dynamics is scanty. In particular, understanding the rate of infected HCWs, including asymptomatic cases, is essential to reduce nosocomial spread.

A serological test for immunoglobulin G (IgG) and IgM for anti-COVID-19 determination became available in March 2020. Antibody tests, while not useful for diagnostic purposes because of the time needed for the immune response, may reveal patients who have had very mild or asymptomatic infections \[[@bib6]\]. Thus, these tests can be useful for seroprevalence studies among at-risk populations, such as HCWs.

This paper reports the results of a cross-sectional surveillance study conducted from 23^rd^ March to 2^nd^ April 2020 among HCWs working in a specialist infectious diseases setting, the 'D. Cotugno' hospital in Naples, Italy. The aim of the study was to understand the prevalence of active and asymptomatic infection among HCWs, and to verify the appropriateness of infection control measures in place.

Methods {#sec2}
=======

A cross-sectional surveillance study was conducted among HCWs working with suspected and confirmed cases of COVID-19.

Study setting {#sec2.1}
-------------

This study was undertaken in the emergency department (ED) and two medical divisions ('first' and 'third' divisions) at 'D. Cotugno' Hospital. 'D. Cotugno' Hospital is a specialist infectious diseases hospital dedicated to the care of suspected and confirmed cases of COVID-19. The infectious diseases ED is open on a 24-h basis. At the time of the study, approximately 150 cases of suspected and confirmed COVID-19 had already been managed within the hospital. The first and third medical divisions were selected because they were the first to be dedicated to COVID-19, admitting the first confirmed cases on 26^th^ and 29^th^ February 2020, respectively.

Inclusion criteria and study period {#sec2.2}
-----------------------------------

All HCWs (medical doctors, nurses, other careworkers) working in the ED, and the First and Third Divisions during the COVID-19 epidemic between 26^th^ February and 23^rd^ March were included. Moreover, given the high workload in the ED, medical doctors from other divisions performed some shifts in the ED in order to support their colleagues. As such, all medical doctors from other divisions who performed at least one shift in the ED over the study period were included. Inclusion criteria were: completed a surveillance test according to the study protocol; asymptomatic at the time of surveillance; and gave consent for the use of personal data. No exclusion criteria were applied.

Surveillance methods and data source {#sec2.3}
------------------------------------

The surveillance tests were performed between 23^rd^ March and 2^nd^ April 2020 (surveillance period). Participants underwent two nasopharyngeal swabs for reverse transcriptase polymerase chain reaction (RT-PCR) of SARS CoV-2 RNA, and two serological tests for SARS-CoV-2-specific IgM and IgG. All HCWs underwent these tests between 23^rd^ and 26^th^ March 2020, and again between 30^th^ March and 2^nd^ April 2020. For each HCW, the two tests were performed 6--7 days apart. A standardized form was completed by all participants regarding their role, level and duration of exposure to patients with COVID-19, years of experience, and participation in training events about the use of personal protective equipment (PPE). Participants were also asked about the occurrence of any symptoms over the previous 30 days.

Outcomes {#sec2.4}
--------

Outcomes were the presence of COVID-19 infection, defined as a positive molecular RT-PCR on nasopharyngeal swab, irrespective of serological results, and the presence of a probable previous infection, defined as positivity for IgG, with negative RT-PCR on nasopharyngeal swab.

Laboratory methods {#sec2.5}
------------------

Molecular tests were performed using RT-PCR targeted at specific SARS-CoV-2 ORF-1a/b and E-gene regions (cobas 6800/8800 systems, Roche, Basel, Switzerland), and IgM/IgG serological tests were performed using chemiluminescence testing (MAGLUM 2000 Plus 2019-nCov IgM and IgG assays, Snibe, China).

Statistical methods {#sec2.6}
-------------------

Descriptive analysis of the data was performed. The outcomes were correlated with different variables using Chi-squared test and Student\'s *t*-test, where appropriate, with *P*\<0.05 taken to indicate significance. Stat Calc Version 9 was used for statistical analysis.

Results {#sec3}
=======

Of 120 eligible participants, 115 HCWs were included in the study. The remaining five patients underwent surveillance tests but did not complete the standardized form and did not give their consent for use of personal data. The main characteristics of the study population are summarized in [Table I](#tbl1){ref-type="table"} . Most HCWs had \>1 year of work experience at 'D. Cotugno' Hospital. Among those who had worked at the study hospital for \<1 year, many had been hired very recently in response to the COVID-19 epidemic. Almost all of the HCWs had participated in institutional training events on the use of PPE. Among those who did not participate in the training events, most (8/13, 62%) were medical doctors and the others had been recruited very recently (See [Table II](#tbl2){ref-type="table"} ).Table ICharacteristics of 115 healthcare workers in the emergency department, and First and Third Medical Divisions at 'D. Cotugno' Hospital during the coronavirus disease 2019 (COVID-19) outbreak, February--March 2020Table IGender Male (*N,* %)59 (51%) Female (*N,* %)56 (49%)Age in years (median, interquartile range)43 (32--51.5)Role Medical doctor (*N*, %)26 (23%) Nurse (*N*, %)57 (50%) Other careworker (*N*, %)32 (27%)Place of work Emergency department (*N*, %)59 (51%) Medical divisions (*N*, %)56 (49%)Type of exposure to patients with COVID-19 Direct care (*N*, %)107 (93%) Contact with patient or patient's environment without direct care (*N*, %)8 (7%)Duration of exposure to patients with suspected/confirmed COVID-19 \>30 days (*N*, %)46 (40%) \<30 days (*N*, %)69 (60%)Working time at 'D. Cotugno' Hospital \>1 year (*N*, %)69 (60%) \<1 year (*N*, %)46 (40%)Participation in training event on PPE Yes (*N*, %)102 (89%) No (*N*, %)13 (11%)[^1]Table IIFactors associated with coronavirus disease 2019 (COVID-19) positivity (current infection and probable previous infection) among 115 healthcare workers (HCWs) at 'D. Cotugno' Hospital, Naples, ItalyTable IICOVID-19 positive HCWs (*N*, %)COVID-19 negative HCWs (*N*, %)*P*-valueNo. of HCWs4111Gender0.344 Male (*N*, %)3 (75%)56 (50.4%) Female (*N*, %)1 (25%)54 (49.6%)Age in years (median, interquartile range)44 (34--55)43 (32--51.5)0.143Role Medical doctor (*N*, %)1 (25%)25 (22.5%)0.921 Nurse (*N*, %)2 (50%)55 (49.5%)0.986 Other careworker (*N*, %)1 (25%)31 (28%)0.898Place of work0.931 Emergency department (*N*, %)3 (75%)56 (50%) Medical divisions (*N*, %)1 (25%)55(50%)Type of exposure to patients with COVID-190.578 Direct care of patient (*N*, %)4 (100%)103 (92.8%) Contact with patient or patient's environment without direct care (*N*, %)08 (7.2%)Duration of exposure to patients with suspected or confirmed COVID-190.678 \>30 days (*N*, %)2 (50%)44 (39.6%) \<30 days (*N*, %)2 (50%)67 (60.4%)Working time at 'D. Cotugno' Hospital0.096 \>1 year (*N*, %)4 (100%)65 (58.5%) \<1 year (*N*, %)046 (41.5%)Participation in training event on PPE0.467 Yes (*N*, %)4 (100%)98 (88.3%) No (*N*, %)013 (11.7%)Presence of symptoms in preceding 30 days0.149 Yes (*N*, %)1 (25%)7 (6.3%) No (*N*, %)3 (75%)104 (93.7%)[^2]

A few HCWs reported mild symptoms in the 30 days preceding the surveillance period: six (5%) reported a mild influenza-like illness and two (1.7%) reported other symptoms (sore throat, rhinitis). All HCWs included in the study were asymptomatic at the time of specimen collection.

Two of 115 (1.7%) HCWs had a positive molecular test in the first round of testing. After 6--7 days, all 113 initially negative HCWs were negative on repeat molecular testing. Two of the 115 HCWs had IgG antibodies at a significant titre (\>30, upper normal value=1). All HCWs were negative for IgM antibodies. Both of the HCWs with positive molecular tests were seronegative, and no HCWs seroconverted between the first and second rounds of testing.

Overall, two cases of COVID-19 and two probable previous cases were identified, giving an overall prevalence of 3.4%.

None of the explored variables were significantly associated with current or probable previous infection. All HCWs with confirmed or probable COVID-19 (4/4, 100%) had worked at the study hospital for \>1 year, compared with 65 of 111 (58.5%) HCWs without COVID-19; this difference was not significant (*P*=0.096).

A brief epidemiological investigation was conducted among the positive cases. The two HCWs with probable previous infection were a nurse and a careworker working in the ED. One reported mild flu-like symptoms some weeks previously. The HCWs with positive results on molecular testing were a medical doctor working in the Medical Division and the ED, and a nurse working in the Third Medical Division. After diagnosis, one of the HCWs developed mild symptoms and the other remained asymptomatic. No clear exposure event occurred, and no significant breaches of infection control procedures were reported. According to the epidemiological investigation, no close contacts occurred between cases, except for the two probable previous infections who constantly worked together on the same shifts.

Discussion {#sec4}
==========

This study found an overall prevalence of COVID-19 in the study population of 3.4%. To the best of the authors\' knowledge, this is the first study to report the prevalence of COVID-19 among asymptomatic HCWs in a specialist setting. Recent studies from the Netherlands and the UK reported prevalence rates in HCWs of 9% and 18%, respectively. However, both studies were performed in general hospital settings using molecular testing alone to test symptomatic staff \[[@bib7],[@bib8]\].

In the absence of comparative data from similar settings, it is considered that the prevalence of COVID-19 in HCWs is acceptably low. The fact that some infected HCWs had been asymptomatic for the preceding 30 days supports the need for periodic screening for COVID-19 among HCWs, in order to promptly remove potentially infectious HCWs from the workplace. The epidemiological investigation failed to identify the modes of exposure. Accordingly, the possibility that the infection was acquired in the community instead of within the hospital cannot be excluded. In at least one case, family members of the HCW were affected by COVID-19 over the same period, making intrafamilial transmission likely. The absence of detection of any new cases between the two rounds of testing may help to define an appropriate retesting interval in hospitals considering periodic sampling of HCWs. This also provides assurance about the reliability of a single nasopharyngeal sample at a point in time as a proxy for the individual\'s true COVID-19 status.

A limitation of this study was the small sample size, meaning that the study was not powered to identify risk factors for infection of HCWs. HCWs from the ED, and the First and Third Medical Divisions were included because they shared the same level of exposure and faced similar organizational and logistical challenges in the initial phases of the epidemic. Another limitation was the performance of diagnostic tests. Currently, nasopharyngeal swabs are used most frequently to obtain samples for molecular testing, but false-negative results are known to occur; as such, the prevalence of COVID-19 among HCWs may have been underestimated \[[@bib8]\]. Limited data are available on the accuracy of serology tests, meaning that the number of probable previous infections may have been under- or overestimated \[[@bib6],[@bib9]\].

In conclusion, even in a setting heavily involved in the management of patients with COVID-19, the prevalence of infection among HCWs was reasonably low, which is presumably a testament to the infection control measures. The observation that the majority of HCWs with evidence of COVID-19 reported no symptoms in the preceding 30 days points to the need for surveillance protocols to identify asymptomatic and potentially infectious HCWs so that they can be removed from the workplace. Currently, molecular testing of nasopharyngeal swabs represents the only means of assessing current infection. While serological tests may have a role in identifying past infections, there remains uncertainty around their diagnostic performance. The authors believe that there is a place for periodic testing of HCWs, and that the frequency of testing by molecular methods should be determined on a case-by-case basis, depending on the level of exposure, feasibility of screening and laboratory capacity. The use of serological tests is also promising, but some uncertainties about their diagnostic performance remain.
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[^1]: PPE, personal protective equipment.
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